Number of TMV Particles Required to Infect Locally or Systemically Susceptible Tobacco Cultivars
(Accepted 25 July I972 )
Determinations of the efficiency of the process of mechanical inoculation of tobacco mosaic virus (TMV) have usually been made with local lesion hosts. To our knowledge, the greatest efficiencies were reported by Steere (I955) , who found that one lesion was produced for every 5oooo characteristic particles in the inoculum, and by Schramm & Engler (I958) , who reported that the minimal TMV concentration detectable on the local lesion test plant Nicotiana glutinosa was T o -12 to I o -Iz g/ml (about 1500 to 15 ooo particles]ml).
In the latter paper, Schramm & Engler (I958) also reported that 5o ~ infection of N. tabacum cv. Samsun, a plant which reacts with systemic symptoms, could be obtained by rubbing leaves with 5 ml of an inoculum which contained IO -16 g/ml of TMV (about 7"5 particles/plant). This indicated that the minimal infective dose for systemically infectible hosts might be less than that for local lesion hosts. The purpose of our study was to compare the sensitivity to TMV of pairs of tobacco cultivars which possessed or lacked the local lesion gene for TMV resistance, but in other respects were genetically similar. An abstract has been published (Walker & Pirone, I97O) .
The pairs of cultivars used were Samsun nn, a systemically reacting Turkish type, and Samsun NN which has the local lesion gene; T.I. 787 (systemic) and X-73, a local lesion tobacco developed by R. W. Fulton from a cross between T.I. 787 and Xanthi-nc; and Havana I42 (systemic) and Havana 425 which was derived from a cross between Havana I42 and a TMV-resistant burley. Two other systemically susceptible cultivars, Gold Dollar and Kentucky 26, were also tested.
TMV, purified by differential centrifugation and suspended in o.o2 M-potassium phosphate buffer (pH 7"o), was used as the inoculum. The number of TMV particles in the stock suspensions was determined by particle counts of preparations examined with an electron microscope. Only particles of characteristic length were considered in the determination. There were few broken particles in the preparations. Determinations made by spectrophotometry, using the E~60 value for TMV of 3"24 (Brakke & Van Pelt, I969) , were in very close agreement with the direct particle counts. Details of these procedures are given by Walker & Pirone (I972) .
Plants in the 5 to 6-leaf stage were dusted with 6oo mesh carborundum; no additional pre-or post-treatments were used to increase susceptibility. The index finger was used to rub one leaf of each plant with 2"5/zl of a suspension which contained a known number of TMV particles. Controls were rubbed with phosphate buffer. Although limitations of greenhouse space and plant production made it impossible to compare all cultivars simultaneously, each genetically similar local lesion-systemic pair was directly compared at least twice. In order to make valid comparisons with systemically infected plants, local lesion test plants were considered to be infected if one or more lesions were produced on the inoculated leaf.
The systemically infectible plants were no more sensitive to TMV than were their local lesion counterparts (Table I) in the greenhouse during the growth of the plants evidently had an effect on susceptibility. The highest percentage of infected plants for the cultivars tested was obtained in Expt. 3, and the lowest in Expt. 5-The values we obtained for the sensitivity of the local lesion tobacco types seem comparable to the value reported for N. glutinosa by Schramm & Engler 0958), if we consider the fact that N. glutinosa is IO-to ~oo-fold less sensitive to TMV than is a local lesion tobacco such as Havana 425 (Pirone, ~970. Direct comparison is impossible, however, as they gave no data on the voIume applied or the percentage of plants infected.
The fact that infection was initiated by as few as 45o TMV particles might seem to indicate a significant improvement in efficiency of inoculation in comparison with the value of I lesion/5oooo TMV particles reported by Steere 0955)-The apparent discrepancy is due to the difference in the method of expressing the results. Steere applied a relatively large volume(5oo #1) ofinoculum, containing !6 × 106 particles, to as many leaves as possible. The total number of particles applied was then divided by the total number of lesions produced, and the results expressed in terms of the number of particles/lesion. This does not provide a clear estimate of the minimum number of virus particles which must be applied to a leaf to produce a lesion. With our technique, 2"5 #1 of inoculum is applied to each plant. If a plant becomes infected, it is evident that infection can be initiated with the number of particles present in this volume.
If, for each specific experiment, we consider the total number of particles applied to all the plants of a particular cultivar, the values for the experiments in which 45o particles were inoculated/plant (Table 1) would range from 765 ° (Havana 4z5, Expt. 3) to 225oo (X-73, Expt. 3; Havana 425, Expt. 6) particles/lesion. If we divide the total number of lesions produced in all of the experiments with a particular cultivar by the total number of particles applied at a particular inoculum level, the value is very close to Steere's value of 5ooo0 particles/lesion. Thus the statistics of the two methods are comparable; our method merely gives a value which may more closely approach the true minimum number of particles required to produce an infection. Inoculation of more plants with fewer particles could conceivably reduce this value below 45o.
Our results indicate that systemically reacting tobacco culfivars are no more sensitive than the local lesion cultivars. We were unable to approach the level of sensitivity reported by Schramm & Engler (r958) for Samsun nn tobacco, although more plants were inoculated in our tests. This could be due to difference in seed sources, volume of inoculum applied, or other procedural differences.
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